ABSTRACT
INTRODUCTION
Members of the family Hypertragulidae (order Artiodactyla, class Mammalia) are the single most abundant mammals in the Turtle Cove Member of the John Day Formation of central and eastern Oregon and make up almost 1,500 of the preserved specimens of the John Day Basinabout 40% of the total collection (Famoso, 2014) . While there have been three species of hypertragulids identified in the John Day Basin, there has been no prior statistical analysis of variation in the population to determine if this specific division is accurate. To conduct a paleoecological analysis of hypertragulids within the John Day area, the number of verifiable species present must first be determined. This project aims to determine the species-level variation in hypertragulid specimens present in the John Day Basin and whether both dental and postcranial measurements reflect the same amount of variation in the population.
BACKGROUND
The extinct Family Hypertragulidae consisted of small basal ruminant artiodactyls known for their lack of horns and distinct tusklike canines (Métais & Vislobokova, 2007) . The extant taxa most closely related to this family are the tragulids (Tragulus sp.), also known as chevrotains or mouse-deer, which can serve as a modern phylogenetic and ecological analog for hypertragulids.
Hypertragulids likely lived in similar forested habitats and consumed mixed foraging and browsing diets (Métais & Vislobokova, 2007) similar to the tragulids, as well as the modern muntjac (Muntiacus sp.). Hypertragulids were widespread across North America from the late middle Eocene to the early Miocene, which corresponds to the Duchnesean (40.5 Ma) to late Arikareean (21 Ma) North American Land Mammal Ages (Métais & Vislobokova, 2007) . In the John Day region (Figure 1 ), there have been three species identified to date-Hypertragulus hesperius (Hay, 1902) , Nanotragulus (= Allomeryx) planiceps (Sinclair, 1905) , and Hypertragulus minutus (Lull, 1922) .
Hypertragulid specimens are preserved in the Turtle Cove, Kimberly, and Haystack Valley members of the John Day Formation (Tedford et. al., 2004; Woodburne, 2004; Famoso, 2018) .
While there has been little research into the John Day hypertragulids, previous work done in the White River Group of Badlands National Park in South Dakota clarifies morphometric and phylogenetic distinctions among species (Gardner, 2015 . While this work has found distinguishable characters between H. minutus and N. planiceps, there has been no confirmed discrepancy between H. hesperius and other species of Hypertragulidae. This uncertainty, amid other discussions of phylogenetics in Hypertragulidae (Webb & Taylor, 1980; Vislobokova, 2001; Métais & Vislobokova, 2007) , provides sufficient reason to closely examine the population and the statistical variation between species. While a phylogenetic analysis is outside the scope of this project, this work will set a foundation for further inspection of specimens, potentially leading to more fossils with associated species-level designations.
The most widely used method for determining species among extinct artiodactyls is examination of dental characters; both morphology and measurement. However, research conducted with modern artiodactyls has called into question the validity of dentition as a faultless diagnostic technique-populations of artiodactyls experience such uneven wear on their teeth that there is greater than average variation in dental measurements among same-species individuals (EmeryWetherell & Davis, 2018) . Recently, there has been increased interest in the possibility of postcranial characters as a diagnostic on fine taxonomic scales (DeGusta & Vrba, 2003; Davis & Calède, 2012; Davis & McHorse, 2013) . While this has not yet been successful in all families, there is potential that astragali could function as a second diagnostic character to support the primary analysis of dentition in Hypertragulidae (Métais & Vislobokova, 2007) .
HYPOTHESES
H0: There is no variation in the dental and postcranial measurements to support separate taxa, and there is only one hypertragulid within the John Day Basin.
H1: There is enough substantiated variation in both the dental and post-cranial measurements to support two separate hypertraguline taxa, but there is not enough support of either dental or postcranial measurements to classify three taxa.
H2: Both the dental and post-cranial specimens show enough variation to substantiate the presence of three taxa in the John Day Basin, namely Hypertragulus hesperius, H. minutus, and Nanotragulus planiceps. when tooth position could be determined (i.e. if the molar is the first, second or third molar in the tooth row). This sample group included molars from maxillae, dentaries, and isolated teeth. All measurements were taken in millimeters using Mitutoyo 4" digital calipers (instrumental error is ± 0.02 mm). To maintain consistency, APL was measured along the buccal side of upper molars and along the lingual side of lower molars. I also took care to measure APL at the base of the tooth, at the enamel-dentine junction, to reduce variation from wear and wear-stage. TW was measured at widest width on each individual tooth. I am limiting my analysis to fossils found in the Turtle Cove Member of the John Day Formation, but one could also apply similar techniques to specimens found in the other members for a broader study.
METHODS

Dentition
All statistical analysis was conducted in R version 3.5.1 (R Core Team, 2018) , with use of the packages dplyr (Version 0.7.8, Wickham et. al., 2016) , ggfortify (Version 0.4.5, Tang, Horikoshi, & Li, 2016) , and cvequality (Version 0.1.3; Marwick & Krishnamoorthy, 2019) . After measuring teeth in all six tooth positions ( Fig. 3) , I conducted an Analysis of Variance (ANOVA) and a post-hoc Tukey Test (Fisher, 1928; Tukey, 1949; Hammer & Harper, 2008; Famoso, 2018) on both the APL and TW data, to determine which specific molars differ significantly between individuals. I then calculated the coefficients of variation (V) for the entire population of hypertragulids as shown in Equation 1, where μ is the mean and σ is the standard deviation. The V gives a percentage of variation in the entire population for a linear measurement, which is a previously established metric of identifying populations with more than one species present (Pearson, 1896; Simpson & Roe, 1939; Cope & Lacy, 1992; Famoso, 2017) .
For groups with a sample size smaller than n = 5, I used a small-sample correction (Sokal & Braumann, 1980) among the most closely related taxa to the Hypertragulidae, and therefore serves as a phylogenetic analog to the hypertragulids. I used both asymptotic (Feltz & Miller, 1996) and modified signed likelihood ratio tests (Krishnamoorthy & Lee, 2014) as part of the 'cvequality' R package to compare the V values of all analyzed populations. To determine how well the V equality tests can compare the ancient and modern populations of basal ruminants, I used these tests to compare lower molars of modern species amongst each other. I sorted the modern analogs into groups: one total 'population' comprised of all three species, another made up of the two species in the genus Muntiacus, and each of the single species populations. I compared these groups to each other, expecting to find the highest variation in the total population, followed by the Muntiacus group, and followed by the individual species having the lowest level of variation.
The V values should vary significantly amongst these groups, with statistical significance denoted by a p-value ≤ 0.05 (Fisher, 1928) . Given that the John Day Basin hypertragulid population is stated to have three separate species belonging to two genera, I expect the V values of the hypertragulid population to be similarly high to those of the combined extant population and significantly higher than that of a single extant species. The resulting p-values from each test will indicate if the variation within groups of hypertragulids is significantly different than what is expected for a single-species population, which would then substantiate the alternate hypotheses that there is more than one species present in the John Day Basin. If the V test value is not significantly different between the modern analog and the hypertragulids, then the null hypothesis of only one species will be supported.
Astragali
To corroborate the analysis from the dental Rasband, & Eliceiri, 2012) . V values were calculated and compared as previously described for dentition, but given lack of data on other modern analogs and limited sample sizes of H. minutus and N. planiceps specimens, the primary analysis was conducted by comparison of the entire hypertragulid population to that of the modern T. javanicus specimens.
RESULTS
Extant Analog Dentition
V values calculated for lower first molars of the modern analogs are presented in Table 1 . The V equality tests, the asymptotic test (AT) and the modified signed-likelihood ratio test (MSLRT), both show a significant level in variation of lower molars when comparing multiple species of ecologic analogs and related taxa together, as presented in Table 2 . The difference in variation is 
Hypertragulid Dentition
The ANOVA and post-hoc Tukey test showed a statistically significant difference in hesperius, H. minutus, and N. planiceps are presented in Table 3 as well as the p-values from the V equality tests. The modified SLRT test showed significant variation between the total population and the three individual species in one case, the m3 APL, where the p-value was slightly below the designated threshold of 0.05 (p = 0.041). All other V equality tests (both asymptotic and modified SLRT) for upper and lower first molars were not significant when comparing variation from the species groups to the total hypertragulid population. Figure 7 shows V values for these taxa in addition to V values of the modern analogs presented in Table 1 . 
DISCUSSION
Among the eight dental measurements examined in this study, only one measurement (m3 APL) showed significant variation between the hypertragulid population of the John Day Basin and a single modern species. My examination of modern artiodactyl dentition illustrated that variation follows an expected progression of increasing V values as the taxonomic group broadened, seen in both Table 1 and Figures 7 & 8, but to confirm this pattern the analysis needs to be extended to cover as many tooth positions as possible. The variation of a single species being doubly accounted for in the total population likely explains the one exception of modern analogs not varying significantly. However, the hypertragulid population that was thought to contain three separate species of two different genera has a much lower V than expected-if the observed pattern in a modern group of three species of two genera holds true, the V value should be greater, and there should be a distinguishable variation between the total population, one genus, and individual species. Instead the predominantly non-significant variability between the total hypertragulid population and individual hypertragulid species supports the null hypothesis that only one species of hypertragulid was present in the John Day Basin, and rejects the alternate hypotheses.
The examination of the astragali, and the consequential statistical lack of variation between extinct and extant populations, seems to further confirm this hypothesis of a single species. This could simply reflect the limited sample size of identified H. minutus and N. planiceps astragalus specimens. The variance seen in the group of specimens unidentified at the species level ( Figure   10 ) is potentially wide enough to be more representative of the population than I can confirm.
Lack of associated craniodental material with these astragali means that no better designation can be reached at this point for these specimens, and further data would be required to strengthen the support for the single-species hypothesis. Additionally, a more thorough analysis of astragali in modern small ruminant taxa, similar to the one conducted with dentition in this study, is necessary to determine whether astragali variability is a reasonable premise to separate these species.
Taxonomic over-splitting is likely responsible for the the discrepancy between the levels of variation seen in this study and the initial description of three species. A normal distribution of variation in a single-species population can be split somewhat arbitrarily, and new species can be designated based on only a small subset of the actual total population. The work done in this study reveals a lack of statistical support for these designations, but there are many other ways to designate species besides dentition and postcranial characters, most notably qualitative cranial characters (Famoso, 2017) While a preliminary study of the hypertragulids used a Shapiro-Wilks test on upper first molars to search for multiple means in the population, this step was omitted in this study given that only one mean was found (Famoso, 2018) . However, modern mouse-deer, chevrotains, and muntjacs all exhibit sexual dimorphism-tragulid males are smaller, but possess larger canine tusks (Janis, 1984) , while muntjak males are larger with a larger upper canine tusk than females (Janis, 1990) .
Since astragali dimensions are a known indicator of body size in artiodactyls (Martinez & Sudre, 1995; DeGusta & Vrba, 2003; Davis & McHorse, 2013) future research should account for the possibility of sexually dimorphic astragali dimensions and sort variation in these two separate populations accordingly.
